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ABSTRACT 
The current global population is 7.2 billion. It is projected to increase by 1 billion over the next 
12 years. There is only 5% of usable farming land left on earth. Food is a resource that humans must 
consume daily. These facts undeniably lead to a shortage of food in the future. It is essential to mankind 
survival that farming becomes more efficient and sustainable. This provided the motivation to design a 
more efficient transmission for the Victair Mistifier (orchard and vineyard sprayer). Victair Mistifiers are 
designed, engineered, and manufactured by H.F. Hauff Company in Yakima, WA. The Hauff Company’s 
commitment to manufacturing the best sprayer on the market accompanied with the desire to address 
sustainable farming, are the driving forces behind this project. The scope of the project is to design, 
develop, and test a gearbox that optimizes the overall function of the sprayer. The gearbox simplifies 
the overall design of the sprayer, by replacing 19 major components with 8. This design decreases 
material costs, increases manufacturability, and decreases assembly time. The gearbox receives power 
from the tractor’s power take-off (PTO) via the input shaft. It transmits the power through machine 
elements to two shafts that will power fans. The fans will spin in opposite directions at an equal, desired 
rotational speed. The transmission will be enclosed in an engineered metal casted housing. The gearbox 
design was proven, by the prototype, to perform to specifications while maintaining an oil temperature 
of less than 90 degrees Celsius. 
 
 
INTRODUCTION 
Motivation 
Victair Mistifiers are designed, engineered, and manufactured by H.F. Hauff Co., Inc. in 
Yakima, WA. Victair Mistifiers have been manufactured and sold since 1965. Hauff’s 
commitment to manufacturing and reengineering the best agricultural sprayers on the 
market gives him the advantage over his competitors. It is his strive for perfection that is 
driving this project.  
The reason for concern is that the current design is a chain driven transmission that 
requires 19 different parts to complete. The simplest and most effective way of doing 
something is often the one with the least parts and pieces. Having this in mind, Hauff wants 
to get rid of the complicated chain drive in front of the sprayer and install a gear driven 
transmission towards the rear of the sprayer in order to keep the speed of the shafts low 
until absolutely necessary. The lower speed on the shafts will allow for less wear on the 
bearings and seals throughout the sprayer.  
The idea behind this project is to manufacture a gear box that will employ the PTO (power 
take off) from a tractor, and rotate two directional fans simultaneously, but in opposite 
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directions. The design will need to be simple, yet effective to meet Mr. Hauff’s expectations. 
By doing so, it will allow for the cheapest and most reliable solution.  
Function Statement 
The gear box will receive power from the PTO of a tractor. The gearing inside the gearbox 
will be geared up to increase the rotational speed of the fans. The gear box will employ a 
through shaft design so that the input shaft and one of the fans will be collinear. Upon 
output, the two collinear fans will rotate in opposite directions. The shafts will withstand 
all forces exerted on them by the newly designed gear train. The shafts will withstand all 
torsional forces from the input (tractor) and output (fans).The bearings will have minimal 
frictional losses and be commercially available to reduce cost.  
 
Sub Function 
The input shaft in this project will connect to a driveline that is connected to the PTO of a 
tractor.  The input shaft will then power a large gear. The large gear is paired to a smaller 
gear machined onto the upper shaft. The upper shaft will act both as an output shaft, and 
transfer power to a second gear pair that is a 1:1 ratio. The lower gear on the gear pair will 
be bolted to a hollow shaft that will surround the input shaft. This hollow shaft will output 
power to one of the fans.  
 
 
Requirements 
In order for this design to be practical there are a few requirements. 
1. The incoming 540 RPM from the tractor PTO must be converted to 1944 RPM upon 
output. 
2. The housing must be no larger than 18”x24”x24”. 
3. The assembly will weigh less than 100 lb.  
4. It must have a design life of 4500 hours. 
5. 95% mechanical efficiency preferred. 
6. All shafts must not deflect more than .03125” 
7. All shafts must include a safety factor of 2  
8. All shafts must hold a straightness tolerance of 0.010” per foot 
9. All keyways and shoulder fillets must result in a Kt of 1.5 or less 
10. Shafts must be able to withstand torque from a 60 HP tractor 
Success Criteria 
The success of this project depends on simple, yet effective solution that can be put into 
production immediately. A successful design will be cost effective and be comparable to the 
current method. The components of the design will be easily manufactured and will be 
required to take a significant amount of ware before needing to be replaced. The required 
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rotational speeds and functionality that Mr. Hauff desires will also need to be met. The 
shafts will withstand all forces from the tractor and gears. The bearings will minimize 
frictional losses and promote smooth operation. Ultimately, the gear box will be powered 
by a 60 Hp tractor and rotate two fans without failing.  
Scope 
Design and build shafts and bearing that will withstand all forces caused by the gears that 
are being designed for the new Victair Mistifier gearbox for H. F. Hauff Co. Inc. Also design 
for minimal maintenance and cost. The parts will be manufactured at H.F Hauff Co Inc. Seal 
the housing with seals to keep dust and dirt out of the housing.  
DESIGN AND ANALYSIS 
Proposed Solution 
Mr. Hauff provided the basic design for the gear train found in Fig. 1. Power comes in 
through the input shaft spinning at 540 RPM. The First gear pair will have a 3.6:1 gear ratio 
taking the rotational speed from 540 rpm to 1944 rpm. The upper shaft will be attached on 
one side to the first fan that will have 30 HP supplied to it and spin at 1944 rpm. On the 
other side on the first gear pair will be the second gear pair that will be a 1:1 ratio. The 
second fan will be attached to the second output shaft that runs over top of the input shaft. 
The second fan will also receive 30 HP and spin at 1944 rpm. The SolidWorks drawing in 
figure 2 shows the gears and shafts drawn to scale. 
  
Figure 1  Initial sketch  
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Figure 2 Rendering of original design 
 
Design 
The input shaft will be made with 1 3/8 inch chromed 4140 rod stock. 4140 was chosen 
from experience and for its wear characteristics. 1020 may work and may be the cheaper 
choice for a material, however, in the long run experience shows that the 4140 will last 
longer and will ultimately be the cheaper choice because it will not need to be replaced 
nearly as often [5]. The input shaft is also taking the full brunt of the tractor PTO upon take 
off, so it needs to be able to take unforeseen loads that different tractors have with different 
PTO types might have [5].  
The upper shaft will also be made with 4140, however, the small upper gear will be 
machined into the shaft and will be heat treated and oil quenched to obtain the hardness 
and strength needed for the gear [2]. The reason for machining the gear into the shaft is 
again for the longevity of gear box. The gear could be held on with a key and it would most 
likely work for a period of time, however, a lot of unknowns are present and unaccounted 
for. Once again, the cheapest solution often isn’t the cheapest up front, but instead is the 
one that will have the fewest number of problems throughout its life [5]. The other gear on 
the shaft will be head in place with a key and a locknut on the end. Threads will be cut into 
the end of the shaft for a TN07 locknut and washer to screw onto.  
The Hollow shaft will be made from 4 inch OD low carbon steel tube. This shaft does not 
need to be as strong as the other two shaft because it is only seeing half the horse power 
and half the torque as the other shafts. The fourth gear will attach to a flange that is 
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machined into the hollow shaft. Six ¼-28 socket head cap screws will attach the gear to the 
shaft. 
A sleeve bearing will be pressed into the hollow output shaft to allow for a bearing surface 
between the input shaft and output shaft. A second ball bearing will sit directly between 
the gear on the hollow output shaft and the input shaft. This will help prevent excess wear 
on the Garlock bearing due to startup shock or impulse. The upper shaft will have two ball 
bearings in the boss which will be the main support for the shaft.  The hollow haft will have 
two tapered roller bearings in the boss instead of the ball bearing to help counteract thrust 
loads. The input shaft will also have a ball bearing on the opposite end of the housing which 
will be pressed onto a sleeve that is pressed onto the input shaft.  
The gears and bearings will be held in place on the shafts mainly with shoulders. The 
shoulders will be placed strategically on the shaft to prevent the shaft from walking either 
direction. Shoulders are chosen instead of snap rings to limit stress concentrations within 
the shaft [5]. Since the gear box will be subject to cold starting conditions and relatively hot 
running conditions, the shoulder will hold some of the bearings stationary to allow for 
thermal expansion of the shaft axially. If there were no bearings allowed to float on the 
shaft, the thermal expansion would cause the bearings to fail prematurely [5].  
A Tollok locking assembly will attach the large gear to the input shaft. The Tollok was 
chosen because it will withstand the high torque loads exerted on this shaft better than a 
key would. Also, no keyway will need to be cut into the shaft so it will reduce stress 
concentrations. The Tollok also requires the large gear on the input shaft to have a hub on 
it. This will help with stability and reduce wear on the gear and shaft. Without the hub the 
four inch lever arm that the gear basically is, would tend to wobble on the shaft due to the 
axial force of the helical gears.  
The housing will be sealed with spring loaded double lip seals to insure that no dirt can 
enter the housing. These are needed because the gearbox will be attached to an agricultural 
piece of equipment that will undoubtedly be subject to extreme amounts of dust and dirt.  
After talking with Mr. Hauff, it has been decided that the desired fit between the bearings 
and shaft is 0.0002”-0.0008” of interference [5]. This will allow for a press fit, but not 
hinder the life of the bearing due to excessive force on the balls from expansion.  
Optimization 
The shafts will be optimized for the size. The smallest diameter required can be computed using 
the equation: 
𝐷 =
[
 
 
 32𝑁
𝜋
∗ √[[
𝐾𝑡𝑀
𝑆′𝑛
]
2
+
3
4
∗ [
𝑇
𝑆𝑦
]
2
]
]
 
 
 
1
3
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From this, a suitable diameter will be found [2]. This will ultimately decide what material will be 
acceptable to use.  
The bearings will be optimized for load rating by using the equation:  
𝑃 = 𝑉𝑋𝑅 + 𝑌𝑇 
From this, a bearing that is readily available from most bearing manufactures will be selected 
with the appropriate load rating [2].  
Benchmark 
A Benchmark for this design is a 1979-1991 RF1A Toyota transfer case with a gear ratio of 
2.28:1. This transfer case is gear driven and has a max output torque of 90 ft-lbf [7]. This 
transfer case has one input with two outputs in opposite directions at a different rpm than the 
input. Also, like the required design, this transfer case requires a long design life and an 
infrequent maintenance schedule in order to take the abuse that it will be subject to.  
Predictions 
The project will be judged on the following criteria 
 The shafts and bearings will withstand the 943 lbs of force exerted by the gears with 
minimal wear 
 The shafts  and bearings will withstand the 60 HP exerted by the tractor with minimal 
wear 
 The shafts will not deflect more than 0.0000216 in.  
 
Risk Management 
One of the biggest risks involved with this project is cost. The goal is to manufacture a rugged, 
long lasting piece of farm equipment for the price that a farmer can afford. The machining cost 
of the gears and shafts, in particular the upper shaft, is where most of the cost is accrued. Some 
of the machining cost can be offset by buying in bulk, however, this project is a prototype so it 
is important to insure that the finished product adheres to all of the requirements before 
buying bulk.   Another concern is the environmental impact this gear box could have if it were 
to leak. The gear box will be carrying hydraulic fluid and be mounted onto a trailer that is 
traveling through fields and orchards. It is going to be bouncing around a lot and it will need to 
be sealed correctly in order to prevent any leaks and subsequent environmental hazards. The 
main resource for this project is H.F Hauff Co and the machining capabilities of their facility. 
Most of the machining for the project will be done through them, however, a machine shop 
with a 5-axis will be selected to machine the gears and upper shaft. One of the major risks of 
replying on an outside machine shop to complete the gears and upper shaft is the lead time for 
the parts to be completed. Some machine shops can have a lead time as long as eight weeks. 
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Hauff is paying for the project so there is little risk of the project being underfunded unless our 
design and subsequent cost is impractical.  
 
Testing and Evaluation 
The gearbox will be fixed to a stand and the fans will be attached to it. The box will be powered 
by a variable speed electric motor. The testing will involve running it for 48 hours at 540 prm 
while collecting temperature and rpm data. A visual inspection of all parts after the 48 hour run 
period will tell if there are any failures likely to occur prior to what was designed for.  
Analyses 
All of the analysis for this section of the project is coming from Motts Machine Elements in Mechanical 
Design text book which can be found in the reference section [2]. 
Torque 
The torsion on the input shaft can be found in Appendix A1. Here, a 60 Hp tractor is spinning 
the input shaft at 540 RPM.  Using the equation: 
𝑇 =
63,000(𝑝)
𝑛
=
63000∗60𝐻𝑝
540𝑟𝑝𝑚
= 7000 lb*in 
It can be seen that 7000 lb*in are being applied to the shaft 
Tangential Force 
Also found in Appendix A1 is the tangential force from the gears on the shaft. After the torque 
is found, the equation, 
𝑊𝑡 =
𝑇
𝐷
2
=
7000
8
2
= 1750lb 
Is used to determine the tangential force from gear B 
Radial Force 
In addition, Appendix A1 shows the radial force from the gear onto the shaft can be 
determined using, 
𝑊𝑟 = 𝑊𝑡 ∗
𝑡𝑎𝑛𝜑𝑛
𝑐𝑜𝑠𝜓
= 1750 ∗ (
𝑇𝑎𝑛20
𝑐𝑜𝑠25
) = 703𝑙𝑏 
Shear and Moment Forces 
Once the tangential and radial forces are calculated, Shear and moment diagrams are used to 
find the moment and shear forces in both the horizontal and vertical planes for each gear and 
bearing. As seen in Appendix A2, the forces on each bearing are calculated using equilibrium 
equations and sum of the moments.  
RAx = RBx = 703lb/2 = 351.5 lb 
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Mmax = 351lb*1.6in = 562.4 lb*in 
RAy = RBy = 1750lb/2 = 875 lb 
Mmax = 875lb*1.6in = 1400 lb*in 
Once the shear and moments are found, the shaft must be broken into sections and analyzed 
based on each individual force.  
Diameter at Bearing A and B 
Since point A is the seat for bearing A and there is no torque or bending moment here, only 
vertical shear stress is used. First compute the magnitude of the vertical shearing forces.  
VA=√351.52 + 8752 = 943 lb 
This can be seen in Appendix A2. Also, since there is typically some sort of shoulder or ring 
groove holding the bearings and gears into place, a Kt value is added to the equation to take 
these areas of stress concentration into account. Once we have the magnitude of the force and 
a Kt value, we can compute the required diameter of the shaft.  
D=√
2.94𝐾𝑡𝑉𝑁
𝑆′𝑛
 = √
2.94∗2.5∗943∗2
16330
 = 0.921 in diameter 
Since the forces on bearing A and B are the same we can see that the diameter required at 
them will be the same as well.  This can be found in Appendix A2 
Diameter at the Gear 
For the rest of the shaft, there are two moments at play on each member, so the magnitude of the two 
moments needs to be computed. (Appendix A2) 
M=√562.42 + 14002 = 1509 lb*in 
Once the magnitude of the moments and the Kt is found, the required diameter can be 
computed using: 
 𝐷 =
32𝑁
𝜋
∗ √(
𝐾𝑡𝑀
𝑆′𝑛
)
2
+
3
4
(
𝑇
𝑆𝑦
)
2
1
3
 = [
32∗2
𝜋
∗ √(
2.5∗1509
16330
)
2
+
3
4
∗ (
7000
51000
)
2
]
1
3
 = 1.74 in diameter 
This can be seen in Appendix A3. 
Deflection (Appendix A4) 
First, find the moment of inertia of the shaft, 
I = 
1
4
∗ 𝜋𝑟4 = 
1
4
∗ 𝜋(1.0625)4 = 1.009 in^4 
Next, to find deflection of the shaft in Appendix A4, we use the equation: 
 
12 
 
Ymax =  
−𝑃𝐿3
48𝐸𝐼
 = 
−943𝑙𝑏∗(3.2𝑖𝑛)3
48∗29700∗103𝑝𝑠𝑖∗1.0009𝑖𝑛4
 = -0.0000216 in 
Tau max (Appendix A5) 
With the material, design factor, and shaft diameters given, we must find the allowable shear 
stress on the shafts.  The yield strength for 4140 annealed in 54 ksi. The equation for finding 
yield shear strength is  
𝑆𝑦𝑠 =
𝑆𝑦
2
=
54
2
= 27 𝑘𝑠𝑖 
 To find the allowable shear stress use, 
𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑆𝑦𝑠 =
𝑆𝑦𝑠
𝑁
=
27
2
= 13 𝑘𝑠𝑖 
To find tau max of shaft #1, use the equation 
𝜏 max =
𝑇𝐶
𝐽
=
7000 ∗ 0.6875
(
𝜋
32) ∗
(1.3754)
= 13,713.87 𝑝𝑠𝑖 
13,714 psi is greater than the allowed 13000 psi, however, the safety factor can be found by 
using 
𝑆𝐹 =
𝑆𝑦𝑠
𝜏
=
27000
13714
= 1.97 
The safety factor of 1.97 is acceptable for our application. For shaft two repeat the process 
𝜏 max =
965 ∗  0.75
(
𝜋
32) ∗ (1.5
4)
= 1456 𝑝𝑠𝑖 
Which is well under our 13000 psi threshold. 
 
Max shear on a hollow shaft (Appendix A6) 
The material for the hollow shaft is 1020 cold drawn and has a yield strength of 60 ksi. In order 
to convert this into shear strength and add in the safety factor of two, we use: 
𝑇𝑑 = 0.5 ∗
𝑆𝑦
𝑁
= 0.5 ∗
60000
2
= 15000𝑝𝑠𝑖 
Now we know that we can allow 15 ksi of shear on the hollow shaft. To check the actual chear 
force on the hollow shaft we use: 
𝜏𝑚𝑥 =
𝑇
𝑍𝑝
=
𝑇 ∗ 16𝐷
(𝜋 ∗ (𝐷4 − 𝑑4))
=
966 ∗ 16 ∗ 2.362
𝜋 ∗ (2.3624 − 1.531254)
= 453.4 𝑝𝑠𝑖 
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Since 453.4 psi is well below our allowed 15000 psi, the hollow shaft will not fail in shear.  
PV on Sleeve Bearing (Appendix A7) 
The way sleeve or “plain” bearings are rated is by their “PV” value. It is the pressure area times 
the linear velocity of the shaft affecting the bearings. It is solved by first finding the area 
affecting the bearing, this is done by using,  
𝐴 = 𝐿 ∗ 𝐷 = 1.5 ∗ 1.375 = 2.0625 𝑖𝑛2 
From this, we can find the force on the area affecting the bearing. 
𝑃 =
𝐹
𝐴
=
138
2.0625
= 66.9 𝑝𝑠𝑖 
Next, we find the linear velocity of the shaft by using,  
𝑉 =
𝜋𝑑𝑁
12 
=  
𝜋 ∗ 1.375 ∗ 540
12
= 194.4 𝑓𝑝𝑚 
Once we have both P and V we multiple the two together to get out “PV” value. 
𝑃𝑉 = 𝑃 ∗ 𝑉 = 66.9 ∗ 1944.4 = 13,004 𝑃𝑉 
Ball Bearing Design (Appendix A8) 
Since the 209K Ball bearings have been selected based on availability and being used on other 
Hauff products, the dynamic loads of the bearing must be checked against the loads on the 
shafts. Using the forces on the shaft found in the shaft calculation is Appendix A1 and A2, the 
first thing to solve for is the design life of the bearing. The required run hours from Hauff is 
4500 hours. With that, use the equation, 
𝐿𝑑 = (ℎ)(𝑟𝑝𝑚) (
60𝑚𝑖𝑛
ℎ𝑟
) = (4500)(1958)(60) = 5.286 ∗ 108 
Once the design life is calculated, use it and K = 3 for ball bearings to solve for the basic 
dynamic load with, 
𝐶 = 𝑃𝑑 (
𝐿𝑑
106
)
1
3
= 1540 (
5.286 ∗ 108
106
)
1
3
= 12,447𝑙𝑏 
Next, get a ratio of the thrust load to both the radial load and the static load rating of the 206K 
bearing. 
𝑇
𝑅
=
479
1540
= 0.311 
𝑇
𝐶𝑜
=
479
6200
=  .077 
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Once these ratios are found, use table 14-5 in Motts Machine Elements in Mechanical Design to 
interpolate a value for Y. After Y is found, use it to solve for the equivalent load rating. 
𝑃 = 𝑉𝑋𝑅 + 𝑌𝑇 = 1 ∗ .56 ∗ 1540 + 1.67 ∗ 479 = 1662𝑙𝑏 
Plug this back into the dynamic load rating to make sure it is less than the allowable load rating 
for the bearing. 
𝐶 = 𝑃𝑑 (
𝐿𝑑
106
)
1
3
= 1662 (
5.286 ∗ 108
106
)
1
3
= 13438𝑙𝑏 
 
Failure Modes 
The gear box will most likely fail in one of two ways. First is that if the heat dissipation 
equations were calculated wrong and the box gets hotter than allowed by the oil. The oil is 
rated to handle up to 165 F. If the box over heats, the oil will be the first to fail. Once the oil 
fails the bearing will go next since the oil has lost most of its lubrication properties. Once the 
bearings start to overheat and expand past allowable limits, the balls in the bearings will start 
to be eaten away and cause slop to form between bearing seats. If this continues, it could allow 
for the gear teeth to become misaligned and in turn shear each other off while rotating. The 
second mode of failure is if the gear box isn’t sealed properly. The same effect as above will 
happen because of decreased lubricity and decreased heat dissipation into the oil.  
 
 
Safety Factors 
All of the shafts were designed with a safety factor of 2, however, the shear in the input shaft 
only allows for a safety factor of 1.97. The spreadsheet supplied by Mott are helpful to solve for 
the shaft diameters with the safety factor built into all of the equations.  
CONSTRUCTION 
Description 
The majority of the manufacturing for this box was done at H.F. Hauff Co. The housing is made by laser 
cutting pieces out of 3/8” plate. The pieces are then bent to form the perimeter of the box. Next, the 
bottom of the box is welded in at a slight angle to ensure proper drainage of oil when being changed. 
The boss for each side is then welded onto the front and back plates. The back plates is then welded into 
place, lining up the tabs that were cut into the perimeter with the laser. That whole assembly is then put 
in the CNC mill and machined to spec starting with the bottom and face, and then moving to the ID and 
OD of the boss. Once machined, the front plate is placed in the mill and its mating surface to the main 
box is machined flat. Then, it is bolted to the box and the ID and OD of the boss on it is machined to 
insure concentricity and parallelism with the other boss. The input and hollow shafts are machined in 
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Hauff’s CNC lathe. For the first prototype box, the gears were cut out of 1/4” steel plate with the laser. 
They were then bolted together to reach the thickness desired. Once bolted together, the gears and 
bearings are attached to the shafts for assembly. The production gearbox will have a cast housing and 
will have helical gears including one machined into the upper shaft.  
 
The shafts for this project are being machined outside of the Hogue machine shop. The input 
shaft and hollow output shaft will be machined at H.F Hauff co. and will be machined on a CNC 
Lathe. The drawings were first submitted to Hauff for review. Once checked off, he hands it 
over to his employees who will create the G-Code for the CNC machine and go through with the 
machining process. The upper shaft, however, will need to be machined somewhere that has a 
5-axis CNC mill. Since the upper helical gear is being machined onto the shaft, a typical 3-axis 
machine will not work. Unfortunately Hauff does not currently have a 5-axis machine. This can 
be seen in the part drawing in figure 3. 
 
Figure 3 Upper Shaft Drawing 
 
 
 
 
 
Drawing Tree 
The drawing tree illustrates the components in the assembly. This is helpful to describe which 
components fit with which components. See the drawing tree in Fig. 4. 
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Figure 4 Drawing Tree 
Assembly 
Pack one 
Assembly of this many pieces into a relatively small case will be tricky. The shafts, gears, 
bearings, and misc. pieces will be assembled into three “packs”. Pack one will be the upper 
shaft seen in fig. 5. The inside bearing will be heated and pressed onto the shaft first. Once in 
position, the spacer between the bearings will be slid into place up against the first bearing. 
Next, the outer bearing will be heated and pressed into place up against the bearing spacer. 
Then, the seal runner will sit on the shaft up against the outer bearing to allow the fan hub to 
ride on. The seal will then fit around the seal runner and into the boss of the housing. On the 
other side of the shaft, the helical gear three will be heated and pressed into place up against 
the shaft shoulder once the pack has been pressed into place in the hosing boss. Once in place 
a key will be inserted to help transfer torque. Finally, a locknut will be threaded onto the end of 
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the shaft, holding the gear assembly into place. 
 
Figure 5 Pack one “upper shaft” 
 
Pack Two 
For the second pack, the input shaft will need an assembly aid found in fig. 6. The assembly aid 
will place the tollok and hubbed gear exactly where it is need on the shaft every time. The 
tollok and hub of the gear sit in a pocket on the assembly aid to assure alignment and ease of 
assembly. The tollok can them be easily torqued to spec. the bearing sleeve will then be heated 
and pressed flush with the end of the shaft and up against the tollok bolts to insure no mistakes 
have been made with the tollok placement. If the sleeve is not flush with the shaft and touching 
the tollok bolts, a mistake has been made somewhere along the way. Finally, the bearing will be 
heated and pressed up against the shaft sleeve shoulder.  
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Figure 6 Pack two “Input Shaft” 
 
Pack Three 
The last “pack” is the hollow shaft found in Fig. 7. The first step to this pack is to freeze the 
garlock bearings and press them into the ID of the hollow shaft. Next, inner race of the inner 
most bearing will be slid onto OD of the shaft and up against the shaft shoulder. The inner race 
of this bearing can be slid into place because it is a tapered roller bearing and will be held in 
place by the force of the outer race. The outer bearing, locknut and seals will have to wait to be 
assembled until the shaft is installed into the housing. Next, the R-22 bearing will be pressed 
into the helical gear four, flush with the face. Then, the gear and bearing will be placed on the 
flanged end of the shaft and bolted into place with six ¼-28 bolts.  
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Figure 7 Pack Three “hollow shaft” 
 
Assembly into the Housing 
Once all three of the packs are assembled, they will be pressed into the boss of either side of 
the housing. Pack one will be pressed into the main body of the housing. It will be pressed from 
the boss side of the housing. Once the first bearing is started into the boss, a snap ring will be 
placed into the housing as a stop for the second bearing. Once the second bearing has reached 
the snap ring, a second snap ring will be placed on the outside of the bearing to secure it into 
place. After being secured, the helical gear three will be placed onto the pack as described in 
“Pack One”. A seal will then seal between the seal runner and boss of the housing. Once 
completed, pack two will be pressed into place. The bearing on the end of the second pack will 
be pressed into a seat built into the inside of the housing. The helical gears one and two will 
need to be aligned and rolled into mesh at the same time as the bearing is being pressed into 
the housing. Once in place, the hollow shaft will be placed into the boss on the front plate of 
the housing. First, the outer races of the tapered roller bearings will be pressed up against snap 
rings inside the boss of the front plate. Pack three will then be placed inside the boss until the 
inner race of the tapered roller bearing sits snug up against its outer race. Once assembled, RTV 
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sealant will be placed on the face of the housing where the front plate will bolt on to ensure a 
liquid tight seal. Once ready, the hollow shaft will be slid over the input shaft and the face of 
the housing and front plate will be bolted together which can be seed demonstrated in Fig. 8. 
Next, the final tapered roller bearing will be placed into the boss of the front plate until it sits 
up against its outer race. A locknut will then thread onto the hollow shaft and suck the inner 
races and outer races of both bearings together, locking everything in place. A seal will fit 
between the front plate boss and the hollow shaft. Also, a seal will be placed between the 
hollow shaft and input shaft. A cross section of the completed assembly can be seen in Fig. 9. 
 
Figure 8 Assembling Input Shaft and Hollow Shaft 
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Figure 9 Assembly Cross Section 
TESTING METHOD 
Approach 
The basis of our testing will be whether the finished product works or not. That being said, the 
finished product will be hooked up to a tractor and put through the ringer. The main concern is 
the heat created from friction between the gears. Additional heat will cause excessive wear on 
the bearings. In addition, the bearings will be thoroughly examined for wear from forces exerted 
on them. A tractor PTO is attached to the input shaft of the gear box. The squirrel cage fans that 
are used on the mistifier are attached to both output shafts to simulate the load that the 
gearbox will experience in actual operation. The assembly will be set up at H.F Hauff Co. and will 
be ran for approximately 1/2 hour to try and simulate any wear that may occur for continuous 
running. Thermocouples are placed inside and outside the gearbox, in several different places to 
see where the majority of the heat is being created and dissipated. A data logger is then 
attached to collect temperature data every 15 seconds.  
Method 
Testing procedures for testing gearbox: 
1. Attach gearbox to testing stand  
2. Attach fans to output shafts 
3. Attach input shaft to tractor PTO 
4. Place temperature probe in gear oil through fill port 
5. Attach temperature probe to data logger 
6. Start tractor and set rpm to 540 PTO rpm 
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7. Start data logger 
8. Upload data to excel for interpretation 
BUDGET/SCHEDULE/PROJECT MANAGEMENT 
Budget 
The estimated cost for this entire project is $5816.59. This can be seen in the budget in 
Appendix D. By far the largest cost to this project is the gears at $4140.00. The majority of 
materials will be purchased from pacific steel and recycling and are priced out in dollars per 
pound. The majority of bearings will be purchased from Timken bearings and the Tollok locks 
will be purchased directly from Tollok. The labor estimation for this project is estimated to be 
$85.00/hr. This estimation includes machinery, utilities, labor and other overhead. The 
production and assembly time for a production gearbox is estimated to be 8 hours in total. 
Meaning that the cost of labor for the production gearbox will equate to $680.00. The cost of 
labor for production and assembly of the existing 19 components that perform the job of what 
the new gearbox will do equates to an estimated 24 hours. That means the new production 
gearbox will save nearly 67% in labor costs. 
 
Schedule 
One of the major factors hindering the schedule, found in Appendix E, is the lead time for the 
gears to be machined and shipped. Also, the upper shaft is not being machined at H.F Hauff Co. 
so the lead time to get this shaft machined with a shop that has a 5-sxis machine is a definite 
concern. In addition, the assembly of the whole project is a concern because if a part doesn’t fit 
correctly it will require more time than originally allotted due to additional machining or having 
to order new parts, etc. One of the deliverables for the project is that we are requesting a tour 
of the 5-axis machine shop that we choose to hire for the upper shaft.  
The testing involved with this project should be fairly straight forward and not take additional 
time than what is allotted. The completed gearbox will be attached to a stand and ran with a 
variable speed electric motor at 540 rpm for 48 hours to simulate wear. The total estimated 
time to construct and test this project is 262 hours.  
 
 
Project Management 
This project is being treated like a real life situation where an engineer would make drawings 
and send them to a machine shop for them to be created. Most of the shafts for this project will 
be machined by H.F. Hauff Co. They will machine them to the exact specs of the drawing that 
they receive. The drawings will need to be ANSI Y14.5 compliant in order for the shop to 
machine them correctly and without additional questions. However, the upper shaft will be 
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machined outside for H.F Hauff and will require professional drawings to be completed 
correctly. H.F. Hauff Co. will also be supplying the funding for the entire project, as they are the 
ones requesting the project to be completed. The software that is being used for this project is 
SolidWorks 2014. Also, Microsoft Excel allows for quick corrections to shaft dimensions when 
changes occur.  
Discussion 
Design Evolution 
This project has gone through a few designs to finally land back where it originally started. The 
current design is the first design that Mr. Hauff gave to us. Since then, there have been several 
designs tossed around because of the large force of the 3.6:1 gear ratio gears. This lead to a 
two-step multiplier box that had 7 gears. After considering cost and complexity of more gears 
and shafts, it was decided that the original design was the simplest design and one to move 
forward with.   
Risk Analysis 
As stated previously the biggest risk in this project is cost. The whole idea of this project is to 
reduce costs associated with increasing the speed of the fans from 540 rpm to 1944 rpm. In 
addition, there is risk of the gears and upper shaft not getting machined before the deadline of 
spring break. This is because of the lead time of the shop that will machine them. It could take 
up to eight weeks for them to complete the gears and shaft. 
 
Next Phase 
The next phase to the project is to order all material associated with making the gearbox. Also, 
getting drawings to H.F Hauff Co. for Neil to sing off on them is imperative. The sooner the 
drawings are signed off and sent to the machine shop the faster they will be returned and ready 
to assemble. The housing was originally going to be cast, so there was a lot of concern about 
getting everything ready for that. Now, for this prototype, however, the housing will be made 
of plate steel and welded into a box at Hauff’s shop in Yakima. Mr. Hauff is purchasing all of the 
material for the project. The bearings are now being purchased through Timken bearings as 
that is where Mr. Hauff prefers to purchase bearings from. Once the gearbox is complete it will 
be time to start testing the prototype which will consist of running it for 48 hours and collecting 
heat, and wear characteristics of a continuous run period. Once complete, a visual inspection 
will be done to see where the most wear is taking place.  
 
CONCLUSION 
The motivation behind this project is H.F Hauff Co.’s Victair Mistifier. The idea is to consolidate 
and improve on the current design of a chain driven transmission. The design for this project 
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consists of a four gear drive train that will allow for the PTO (Power Take Off) of a tractor to 
power two counter rotating fans. The gears will need a 3.6:1 multiplier in order to convert the 
540 rpm coming from the tractor to the 1944 rpm required at the fans. The design includes a 
“through shaft” that allows for the input shaft to rotate inside of one of the output shafts. The 
bearings and seals are placed strategically in order for the entire gear box to be lubricated, yet 
sealed off from dust and dirt that this agricultural piece of equipment will undoubtedly 
encounter. The shafts will support the 943lb applied by the gears and the 60 Hp supplied by the 
tractor. All of this will be manufactured at H.F Hauff Co. and will be put into production after 
testing.  
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Appendix A – Analyses              
 A1 (Forces on Shaft) 
 
A2 (Shaft Shear and Moment Diagrams) 
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A3 (Minimum Shaft Diameter Calculation) 
 
 A4 (Shaft Deflection) 
 
 A5 (Shaft Max Torsional Shear) 
 
 
A6 (Hollow Shaft Max Torsional Shear) 
 
A7 (Bearing PV Calculation) 
  
A8 (Forces on Bearings) 
 
A9 ( Dynamic Load Calculations) 
 
Appendix B - Drawings 
 B1 (Input Shaft) 
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B2 (Upper Shaft) 
 
 
 
 
 
 
 
B3 (Hollow Output Shaft) 
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Appendix C – Drawing Tree 
   
 
 
 
 
 
 
 
Appendix D – Shaft Diameter Spreadsheets 
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Appendix E - Budget 
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Appendix F - Schedule 
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Appendix G – Parts List 
 
 
 
 
 
 
 
Part Number Pd Dp N Face Hubbed
Gear 1 7.2500 8.0000 58.0000 1.2500 0.3750
Gear 2 7.2500 2.2070 16.0000 1.2500
Gear 3 7.2500 5.1035 37.0000 0.7500
Gear 4 7.2500 5.1035 37.0000 0.7500
Part Number Type Bore OD Width
Dynamic Load 
Rating
Dynamic Load 
Calc.
209K Bearing 1
Light 200K 
Series 1.7717 3.3465 0.748 8,150 3,990
209K Bearing 2
Light 200K 
Series 1.7717 3.3465 0.748 8,150 6,238
209K Bearing 3
Light 200K 
Series 1.7717 3.3465 0.748 8,150 4,877
61912-2RS SKF Bearing 4
2.3622 3.3465 0.5118 3,710 1137
61912-2RS SKF Bearing 5
2.3622 3.3465 0.5118 3,710 1137
Part Number Type Lip Code
23449 Seal 1 CRW1 R
13529 Seal 2 HM14 R
17796 Seal 3 CRW1 R
Part Number Type d x D d D L1 L2 L3 B D1 n x type
Tollok 1 TLK 131 55 x 85 2.165 3.3465 1.181 1.378 1.929 2.244 3.583 8 x M8
Tollok 2 TLK 130 1 3/8 1.375 2.362 1.024 1.181 1.614 1.850  8 x M6
Part Number Type Bore OD t Flange OD Flange t
22DU22 Garlock 1 DU Series 1.375 1.53125 0.078125 2.000 0.125
Part Number Material ID OD ID OD Length
Shaft 1
4140
1.375
Shaft 2
HT 4140 OQT 
1000
Shaft 3
1020
1.500 2.500 1.53125 2.362
Parts List
60 x 85 x 13
Shaft x Bore x Width
60 x 85 x 8
1.3750 x 1.750 + .004 x .197
45 x 85 x 8
d x D x C
45 x 85 x 19
45 x 85 x 19
45 x 85 x 19
60 x 85 x 13
Finish
Chrome Ground and 
Polished
Ground and Polished
Turned
Product
Outsourced
Round Mechanical Tubing
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Appendix H – Expertise and Resources 
 
 Lind Gears: Machine shop with 5 – axis CNC machine to machine 
the helical gears  
 H.F. Hauff Co.: CNC lathe, Laser cutter, CNC Mill, Hydraulic Press, 
Band Saw. 
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Appendix I – Testing Report 
1.1 SCOPE 
The Victair Mistifier gearbox was run at 540 rpm and powered using the PTO off an 80 HP 
tractor. The gearbox and fans were mounted to a stationary cart while being tested. Spray 
was not used during the testing. The gearbox was powered for two testing periods. 
The gearbox was constructed with mock gears. The design calls for helical gears. However, 
for initial testing laser cut spur were made out of ¼” steel plate and bolted together to 
achieve the same dimensions as the helical designed gears. 
Temperature data was taken in six locations every 15 seconds while power was feed into 
the gearbox. The data was acquired using a Fluke Hydra Logger device and Logger 
software. An infrared temperature gun gave us additional temperature data. An airspeed 
pitot measured the airspeed out of the fans. 
1.2 SUMMARY OF RESULTS 
 Targeted Value Test Run 1 Test Run 2 
Airspeed 104 mph  104 mph 104 mph/ 40 mph 
Input Shaft 
Temperature 
< 170 245 110 
Hollow Shaft 
Temperature 
< 170 245 110 
Gearbox 
Temperature 
< 170 90 (Outside Box) 107 (Oil Temp) 
 
Test Run 1 
The gearbox ran under full load with both fans. The concept of the design was proved to be 
valid. The test period was cut short, due to excessive heat at the input shaft and hollow 
shaft. It was predetermined that there would be added friction at the input and hollow 
shaft locations. This was due to a machining error in the hollow shaft. The inner diameter 
of the hollow shaft bore was not to spec. When the plain surface bearings were assembled 
into the hollow shaft, the input shaft no longer fit through. The Teflon surface of the 
bearings had to be bored out in order for the input shaft to fit through the hollow shaft. 
Furthermore, the outside diameter of the hollow shaft was also off by a few thousandths. It 
caused the keyless hub to fit tighter on the shaft. This added force crushed the hollow shaft 
and clamped down on to the input shaft. 
Even with the machining errors, the gearbox design functioned correctly and dissipated the 
heat generated by the gears and bearings. 
 
Test Run 2 
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Fan 2 was removed from the gearbox. The Hydra Logger was set up and temperature data 
was acquired. The gearbox operated effectively, until the climax keyless hub gave out. It did 
not live up to the specifications that were provided by the manufacturer. Furthermore, 
there was oversight on the design when considering the heat expansion of the hubs 
themselves. The test determined that a design revision must occur at the keyless hubs. 
 
 
1.3 CONCLUSION 
The testing validated the gearbox concept and design. Revisions to the design are necessary 
to insure success. Climax keyless hubs are not adequate for the design. They are to be 
replaced by splines. A new sleeve will be manufactured for the input shaft that will have 
splines on it. Gear 1 will be splined to the sleeve and the sleeve will be shrink fit to the 
input shaft. Fan 2 hub will be splined to Hollow Shaft. It is necessary for Hollow shaft to 
increase in outside diameter to accommodate the splines. Therefore, the cover boss will 
have to be bored out to a larger diameter. Consequently, new Timken taper bearings will 
have to be selected to accommodate the larger outside diameter of the Hollow Shaft.   
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Appendix L – Resume/Vita 
RICKY N. SKINNER 
2233 Thorp Cemetery Rd.  Thorp, WA 98946  406-552-7426 
Skinnerr@cwu.edu 
OBJECTIVE 
 A career in the field of engineering  
Education 
Bachelors of Science in Mechanical Engineering Technology 
September 2012 to June 2015. 
Central Washington University, Ellensburg, WA 
Wildlife Biology/Forestry 
August 2010 – May 2012 
University of Montana, Missoula, MT 
Natural Resource Science  
January 2010 – June 2010  
Green River Community College, Auburn, WA 
Associate of Arts (Winter 2014) 
September 2008 – December 2009 
Pierce Community College, Puyallup, WA 
Relevant Coursework 
AutoCAD                             Thermodynamics                          Heat Transfer 
Fluid Dynamics           Mechanical Design I&II      Hydraulics/Pneumatics 
  SolidWorks                     Energy Systems           Engineering Project Management 
Professional Skills / Certificates 
 Computer: Solid Works, AutoCAD, PowerPoint, Excel, Word, GIS 
 Certificates: College of Education and Professional Studies Dean’s List (5 quarters), certified in 
SolidWorks 
Experience 
 Mechanical Engineer Intern, H.F. Hauff Co. Inc. (09/14-present, 20hr/week) 
 Designed a prototype gearbox to be implemented onto an orchard sprayer 
 The gearbox employs a unique collinear input and output shaft 
 Optimized mechanical design and manufacturing processes to ensure lean 
manufacturing 
 Testing completed gearbox for design life and failure modes 
 Modeled the entire gear box using SolidWorks 
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Technical Engineer Intern, Toray Composites America (06/14-09/14, 40hr/week) 
 Improved existing production equipment by designing and testing new ideas 
 Worked with multiple vendors to implement new designs 
 Helped layout placement of equipment for an entire manufacturing warehouse 
 Used Laboratory testing equipment to confirm new processes 
 Installer, Interior Form Tops, Milton, WA (06/2007-06/14, 20hr/week) 
 Installed Laminate counter tops, tub surrounds, and shower surrounds 
 Exceled in working unsupervised to complete tasks in a safety oriented manner 
Forestry Aid II, Idaho Department of Lands, Kingston, ID (05/11-09/11, 40hr/week) 
 Worked with a team of four to cruise and mark timber  
 Spent a week electroshocking upper reaches of fish 
 Fought wildland fires in Idaho, New Mexico, and Arizona. 
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RICKY N. SKINNER 
2233 Thorp Cemetery Rd.  Thorp, WA 98946  406-552-7426 
Skinnerr@cwu.edu 
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